Two greenhouse experiments were conducted to examine the growth and mineral nutrition of four leafy vegetables in a nutrient film technique (NFT) system with water with low to moderate salinity. In Expt. 1, a nutrient solution was prepared using reverse osmosis (RO) water and treatments consisted of supplementing with RO water, tap water, or nutrient solution. In Expt. 2, nutrient solution was prepared using three different water sources (treatments), namely, RO water, tap water, or tap water, plus sodium chloride (NaCl), and supplementing solution was prepared using the same three water sources at one third strength. For both of the experiments, seeds of pac choi 'Tokyo Bekana', 'Mei Qing Choi', and 'Rosie' (Brassica rapa var. chinensis) and leaf lettuce 'Tropicana' (Lactuca sativa) were sown and were grown in a growth chamber. Two weeks after sowing, seedlings were transplanted to the NFT systems. Expt. 1 was conducted from 19 April to 19 May 2016 and Expt. 2 from 6 September to 12 October 2016. In Expt. 1, nitrate (NO 3 − ) and phosphorus (P) levels in the tanks decreased, and potassium (K + ) levels reached almost zero at the end of the experiment when supplemented with RO or tap water. However, calcium (Ca 2+ ), magnesium (Mg 2+ ), and sulfate (SO 4 2− ) either did not decrease or increased over time. Supplementing water type did not affect the growth of leaf lettuce and 'Mei Qing Choi' pac choi; however, fresh weight of 'Rosie' pac choi and both fresh and dry weight of 'Tokyo Bekana' pac choi were reduced when supplemented with RO water. Leaf sap NO 3 − was reduced in 'Tokyo Bekana' pac choi, but not in other varieties, when supplemented with RO or tap water. Leaf sap K + decreased in 'Tokyo Bekana', but not in other varieties. The supplementing water type did not impact leaf sap Ca 2+ , regardless of vegetable varieties. In Expt. 2, NO 3 − in all of the treatments, P in RO water, and K + in RO or tap water decreased in the last week of the experiment. Other macronutrients did not change substantially over time. The addition of NaCl significantly reduced the growth of all the vegetables. 'Tropicana' leaf lettuce was the least tolerant to NaCl, followed by 'Rosie' pac choi. Water source did not affect leaf Ca 2+ , K + , P, SO 4 2− , and Mg 2+ except for 'Tokyo Bekana' where NaCl addition decreased Ca 2+ and Mg 2+ . Our results indicated that the tested leafy vegetables differed in response to various types of water used as supplementing or as source water. N, P, and especially K, should be supplemented in the late stage of the experiment, while replacing the whole tank nutrient solution is only necessary when Na + and/Cl − build up to harmful levels.
Introduction
Growing food crops in a hydroponic system under a controlled environment has gained interest among growers and entrepreneurs in the United States (U.S.) and worldwide in recent years. For example, the U.S. green industry is shifting away from solely producing herbaceous ornamental crops and integrating or replacing these crops with vegetables and herbs [1] . The reason for this shift is partly due to urbanization and the trend of consumers' awareness for locally grown fresh produce [2] . Hydroponic systems, such as nutrient film technique (NFT) and deep flow technique, are used in various types of controlled environment agriculture (CEA) systems, including greenhouses, growth chambers, high tunnels, indoor vertical farms (warehouse type), and modified shipping containers [3, 4] . The number of farmers and entrepreneurs who are interested in and engaging in hydroponics is increasing, as evidenced by growing numbers of the training workshops provided by universities (University of Arizona, University of Florida) and industries (FarmTek).
A hydroponic system often recirculates nutrient solution, thus conserving water and fertilizer substantially and reducing environmental pollution when compared to non-circulating systems or field production [5] [6] [7] . For this reason, high quality water (defined as low salinity water) is often recommended, and nutrient solution is replaced periodically to avoid accumulation of sodium (Na + ), chloride (Cl -), sulfate (SO 4 2− ), and others. However, the high-quality water supply is limited in many regions and may not be accessible to growers. Although ion composition in irrigation water varies largely with water source and treatment, Na + and Cl -are the most abundant ions; other ions with significant concentrations include magnesium (Mg 2+ ), SO 4 2-, and bicarbonate (HCO 3 -) [6, 8] .
The quality of municipal tap water varies largely with source and treatment. In Texas, the electrical conductivity (EC) of tap water ranges from 0.5 to 1.8 dS·m −1 in cities across the state. Water quality, specifically, EC levels and Na + and Cl -concentrations, of groundwater can also vary largely and may contain high salt levels, especially in arid and semi-arid regions. In west Texas, EC of groundwater is around 3.0 dS·m −1 . Even in water-abundant Ohio, groundwater EC can reach 1.6 dS·m −1 with a Na + concentration of 243 mg·L −1 [9] . In a typical recirculating hydroponic system, nutrient solutions are dumped and refilled at weekly intervals, which is often unnecessary [10] . Some growers supplement their nutrient reservoir with full or partial strength of the same nutrient solution. In order to conserve water and reduce production cost, the frequency of completely replacing nutrient solution should be reduced. Water and nutrient use efficiency can be greatly improved if the interval of dumping and replacing the nutrient solution in the reservoir is extended from a week to two weeks or longer. Certainly, the replacement of reservoir solution can be less frequent if high quality water is used as compared to low quality water or brackish groundwater with high salinity. For example, water quality affected not only growth and accumulation of ions of lettuce plants, but also recirculation intervals of a nutrient solution [11, 12] .
There is a need to determine the impact of water quality on nutrient solution management and on plant growth and quality such as mineral nutrition in a nutrient recirculation system. The most abundant ions Na + and Cl − in brackish water are basically non-essential elements for plant growth. Carmassi et al. [13] developed a mathematical model based on ion balance to predict Na + build-up and dynamic changes in EC in a recirculating nutrient solution culture of tomato (Lycopersicon esculentum). Massa et al. [14] used a composite model to simulate water use, EC, and Na + and NO 3 − for a recirculating nutrient solution of tomato and used the simulated results to guide the timing of replacing nutrient solution of the reservoir. However, other macronutrients, such as K + and Mg 2+ , were not included. The objective of this study was to quantify the dynamic changes of ion concentrations of all the macronutrients in a recirculating system when marginal water (low salinity) and brackish water (moderate salinity) were used as water sources or as replenishment water. Another objective was to evaluate the impact of marginal water and brackish water on the growth and mineral nutrition of two leafy vegetable species: one leaf lettuce (Lactuca sativa) and one Asian leaf vegetable (three cultivars), pac choi (Brassica rapa var. chinensis). Many small commercial operation systems have a mixed species in one system, such as several kinds of leafy greens, and thus our experiments included two species in one NFT unit. We included three cultivars of pac choi, also known as pak choy or bok choy, because they have drawn ever-increasing attention due to a rapid increase in the Asian population, health consciousness, and the desire for exotic and diversified vegetables, making pac choi one of the most popular leafy Asian vegetable consumed in the U.S. [15, 16] .
Materials and Methods

Plant Materials and Propagation
Two different greenhouse experiments were conducted from 19 April to 19 May 2016 (30 days) and from 6 September to 12 October 2016 (36 days). Plant material was identical for both of the experiments and included three cultivars of pac choi 'Mei Qing Choi', 'Rosie', and 'Tokyo Bekana' (Brassica rapa var. chinensis), and one cultivar of leaf lettuce 'Tropicana' (Lactuca sativa) (Johnny's Selected Seeds, Winslow, ME, USA). Seeds were sown on 19 April (Expt. 1) and 6 September (Expt. 2) in petri dishes with filter paper soaked with reverse osmosis (RO) water and placed in a growth chamber (25 • C and 50 µmol·m −2 ·s −1 photosynthetic photon flux (PPF)). After three days, germinated seedlings (with elongated radicle) were transferred to rockwool cubes (3.8-cm Plug 25 × 51 cm Sheet, 98 Cubes; Grodan, Roermond, The Netherlands) and were placed in the same growth chamber under a higher PPF of 250 µmol·m −2 ·s −1 . The seedlings were sub-irrigated with nutrient solution (CNS17 ® Grow Formula 3-1-2, Botanicare, LLC, Chandler, AZ, USA) and diluted with RO water to a concentration of 150 mg·L −1 N and an EC of 1.71 dS·m −1 and pH of 6.13. The CNS17 Grow Formula, a highly concentrated hydroponics formula, contains 3.0% total nitrogen (N) with 0.14% ammoniacal N and 2.86% nitrate N; 1.0% available phosphate (P 2 O 5 ), 2.0% soluble potassium (K 2 O), 3.6% calcium, 0.5% magnesium, 0.05% manganese, and 0.0005% molybdenum.
Hydroponic System and Greenhouse Climate
Two weeks after sowing, seedlings were transplanted to six NFT hydroponic units (GT50-612; FarmTek, Dyersville, IA, USA) in an enclosed glass greenhouse. Average day/night temperature, relative humidity, and daily light integral for Expt. 1 and 2 were 30.3/21.4 • C, 28.9%, and 14.2 mol·m −2 ·d −1 , and 27.5/23.5 • C, 52.3%, and 8.6 mol·m −2 ·d −1 , respectively. Each NFT unit consisted of four troughs that measured 200 × 10 × 5 cm with a 3% slope. Each trough had 12 slots for a total capacity of 48 plants per NFT unit. Twelve seedlings of each of the four cultivars were randomly transplanted per NFT unit. A reservoir tank (150 L capacity; Premium Reservoir, Botanicare, Chandler, AZ, USA) and pump were connected to each NFT unit and provided continuous recirculation of treatment solution to the troughs.
Treatments and Reservoir Tank Replenishment
For both of the experiments, three treatments were created and two NFT units were used per treatment for a total of 96 plants per treatment. In Expt. 1, all six NFT units were initially supplied with 100 L of nutrient solution ( 
Data Collection and Mineral Analysis
To examine the dynamic changes of macronutrients in the recirculating solution, daily samples were taken at 10:00 am for analysis of EC, pH, NO 3 − , P, K + , Ca 2+ , SO 4 2− , Mg 2+ , Na + , and Cl − .
The concentrations of NO 3 − , K + , Ca 2+ , and Na + were measured using a portable LAQUA Twin Nitrate, Potassium, Calcium, and Sodium meters (Horiba, Ltd., Kyoto, Japan), while concentrations of P, Mg 2+ , and SO 4 2− were determined using the HI 83200 Multiparameter Photometer (HANNA Instruments, Woonsocket, RI, USA). The concentration of Cl − was determined by M926 Chloride Analyzer (Cole Parmer Instrument Company, Vernon Hills, IL, USA). EC and pH were measured using the LAQUA Twin EC and pH meters (Horiba, Ltd., Kyoto, Japan). For both of the experiments, plant height and fresh weight (FW) of shoots were recorded immediately after harvest and dry weight (DW) was determined after oven drying at 70 • C for four days. Relative chlorophyll content (Soil-Plant Analysis Development (SPAD) reading) was recorded using a handheld chlorophyll meter (measured as the optical density; Minolta Camera Co., Osaka, Japan) for all the plants. Leaf samples were collected and stored in a −80 • C freezer for later plant tissue analysis. The frozen tissue samples were thawed at room temperature and sap was extracted using a press. Mineral analysis of the sap was done using the same methods as described previously.
In Expt. 2, dry tissue samples were ground, and mineral analyses were conducted. For the determination of Cl − , samples were extracted with 2% acetic acid (EM Science, Gibbstown, NJ, USA) according to the method described in [17] and concentration was determined by a M926 Chloride Analyzer. For other elements, the samples were submitted to the Soil, Water, and Forage Testing Laboratory at Texas A&M University (College Station, TX, USA). Samples were digested in nitric acid following the protocol described in [18] and Ca 2+ , K + , Na + , Mg 2+ , P, and S were analyzed by inductively coupled plasma-optical emission spectrometry (SPECTRO Analytical Instruments Inc., Mahwah, NJ, USA) and reported on a dry weight basis as described by Isaac and Johnson [19] .
Statistical Analysis
We acknowledge that a true randomized or blocked design was not achieved in this study, but a pseudo-randomized, split-plot design was used. The treatments served as the whole-plot and the plant varieties served as the sub-plot. Randomization was not complete within each main plot due to the separation of the NFT units; therefore, only randomization within each unit was achieved.
Nevertheless, randomized replication was present and a statistical analysis was possible, though we acknowledge the limitation of the conclusions reached. An analysis of variance (ANOVA) was conducted to test the effects of treatment, variety, and interaction of treatment and variety on all of the measured parameters. Mean separation among treatments was conducted using Tukey's honest significant difference (HSD) multiple comparison. All of the statistical analyses were performed using JMP (Version 12, SAS Institute Inc., Cary, NC, USA).
Results
Dynamic Changes of Ion Concentrations in the Recirculating Solution
In Expt. 1, the NO 3 − and P in the tanks decreased when supplemented with RO or tap water, while those that were supplemented with nutrient solution remained at similar or levels higher than the initial concentrations ( Figure 1 the measured parameters. Mean separation among treatments was conducted using Tukey's honest significant difference (HSD) multiple comparison. All of the statistical analyses were performed using JMP (Version 12, SAS Institute Inc., Cary, NC, USA).
Results
Dynamic Changes of Ion Concentrations in the Recirculating Solution
In Expt. 1, the NO3 − and P in the tanks decreased when supplemented with RO or tap water, while those that were supplemented with nutrient solution remained at similar or levels higher than the initial concentrations ( Figure 1 ). However, K + decreased to zero at the end of the experiment, 19 days after transplanting, when supplemented with RO or tap water, while those that were supplemented with nutrient solution decreased from about 150 to 30 mg•L −1 . Ca 2+ did not change substantially over time, Mg 2+ increased when supplemented with nutrient solution, while SO4 2− increased when supplemented using nutrient solution or tap water. In Expt. 2, NO3 − decreased in the last week for all treatments ( Figure 2 ). P was lower with RO water when compared to the other two water sources. K + decreased to zero at the end of experiment when RO or tap water was used. K + did not decrease as much as that in other treatments when NaCl was added to the solution because plant growth was significantly reduced, which reduced K + absorption. Ca 2+ increased over time in all of the treatments, and Mg 2+ was slightly higher in tap water In Expt. 2, NO 3 − decreased in the last week for all treatments ( Figure 2 ). P was lower with RO water when compared to the other two water sources. K + decreased to zero at the end of experiment when RO or tap water was used. K + did not decrease as much as that in other treatments when NaCl was added to the solution because plant growth was significantly reduced, which reduced K + absorption. Ca 2+ increased over time in all of the treatments, and Mg 2+ was slightly higher in tap water in comparison to the other two water sources. SO 4 2− was the lowest in RO water as compared to the other two water sources and increased with time in all of the treatments.
Horticulturae 2018, 4, x 6 of 14 in comparison to the other two water sources. SO4 2− was the lowest in RO water as compared to the other two water sources and increased with time in all of the treatments. In Expt. 1, EC of the nutrient tanks decreased the most when supplemented with RO water, and no substantial changes were observed when supplemented with the nutrient solution (Figure 3) . The pH increased steadily, especially when supplemented with RO or tap water, and reached about 7.5 by the end of the 19-day experiment. Na + and Cl − in the recirculating solution increased steadily when supplemented with tap water. In Expt. 1, EC of the nutrient tanks decreased the most when supplemented with RO water, and no substantial changes were observed when supplemented with the nutrient solution (Figure 3) . The pH increased steadily, especially when supplemented with RO or tap water, and reached about 7.5 by the end of the 19-day experiment. Na + and Cl − in the recirculating solution increased steadily when supplemented with tap water. In Expt. 2, EC of the recirculating solution increased over time when tap water and tap water plus NaCl were used, and pH values were higher at the end of the experiment when RO water was used. Na+ increased steadily in these two water source treatments, especially in the late part of the experiment (Figure 4 ). Cl − concentrations exhibited similar trends among the treatments as those observed in Na + . In Expt. 2, EC of the recirculating solution increased over time when tap water and tap water plus NaCl were used, and pH values were higher at the end of the experiment when RO water was used. Na+ increased steadily in these two water source treatments, especially in the late part of the experiment (Figure 4 ). Cl − concentrations exhibited similar trends among the treatments as those observed in Na + . In Expt. 2, EC of the recirculating solution increased over time when tap water and tap water plus NaCl were used, and pH values were higher at the end of the experiment when RO water was used. Na+ increased steadily in these two water source treatments, especially in the late part of the experiment (Figure 4 ). Cl − concentrations exhibited similar trends among the treatments as those observed in Na + . . Dynamic changes of electrical conductivity (EC), pH, and sodium (Na + ) and chloride (Cl − ) contents in nutrient tanks of the nutrient film technique (NFT) system with start nutrient solutions (CNS17) prepared with reverse osmosis (RO2) water, tap water (Tap2), or tap water plus NaCl (Expt. 2). Vertical bars represent standard error (n = 2).
Plant Growth and Relative Chlorophyll Content (SPAD)
Plants responded differently to the solutions (treatments) that were used to replenish the nutrient tank (Table 2) in Expt. 1. No statistical differences were observed for all measured growth parameters among treatments of 'Tropicana' leaf lettuce. Similar results were observed for 'Mei Qing Choi' pac choi, except for height where plants were shorter when supplemented with RO water, when compared to tap water. For 'Rosie' pac choi, plants were shorter when supplemented with nutrient solution or RO water as compared to tap water, and shoot FW was the lowest when using RO water. 'Tokyo Bekana' pac choi plants were shorter when using nutrient solution or RO water when compared to tap water, and shoot FW was the lowest with RO water. Shoot DW was greater when supplemented with nutrient solution as compared to RO water, but no difference was observed between nutrient solution and tap water. Supplementing water source did not influence SPAD reading, regardless of vegetable varieties. However, there were significant differences in SPAD readings among varieties. 'Mei Qing Choi' and 'Rosie' pac choi had the highest SPAD readings (37 to 40), while 'Tokyo Bekana' pac choi had the lowest (20) , and leaf lettuce had an average of 33. In Expt. 2, plants responded different to the type of water used for making initial solution and for replenish the nutrient tank ( Table 3 ). The addition of NaCl significantly reduced the growth of all the vegetables. 'Tropicana' leaf lettuce was the most sensitive with 41.7% mortality. 'Rosie' pac choi was the second least tolerant variety among the four. Based on reduction in plant height, FW, and DW, 'Mei Qing Choi' and 'Tokyo Bekana' pac choi were equally tolerant to NaCl. There were no differences in growth between RO and tap water for all of the varieties, except for the height and shoot FW for 'Rosie'. SPAD was reduced by NaCl in 'Tropicana' leaf lettuce and 'Rosie' pac choi. Table 3 . Plant height, shoot fresh weight (FW), dry weight (DW), and SPAD of two vegetable species (leaf lettuce, Lactuca sativa 'Tropicana' and three cultivars of pac choi, Brassica rapa var. chinensis 'Tokyo Bekana', 'Mei Qing Choi', and 'Rosie') grown in a nutrient film technique (NFT) system with start nutrient solutions (CNS17) prepared with reverse osmosis (RO2) water, tap water (Tap2), or tap water plus NaCl (Tap2 + NaCl) (Expt. 2). 
Variety
Mineral Nutrition
In Expt. 1, leaf sap NO 3 − and P concentrations were reduced in 'Tropicana' leaf lettuce, but not in the three pac choi cultivars, when supplemented with RO or tap water (Table 4) . Leaf sap K + was reduced in 'Rosie' pac choi, but not in the other varieties. The supplementing water source did not impact the leaf sap Ca 2+ , Mg 2+ , and SO 4 2− concentration of any of the vegetables, with the exception of 'Tropicana' leaf lettuce that had reduced Ca 2+ content. Leaf sap Na + of all vegetables increased significantly when supplemented with tap water. In Expt. 2, tap water or tap water plus NaCl significantly increased leaf Na + and Cl − concentrations (Table 5 ). Water source did not affect leaf Ca 2+ , K + , P, SO 4 2− , and Mg 2+ , except for 'Tokyo Bekana' pac choi where NaCl addition decreased Ca 2+ and Mg 2+ . Table 4 . Leaf sap mineral contents of two vegetable species (leaf lettuce, Lactuca sativa 'Tropicana' and three cultivars of pac choi, Brassica rapa var. chinensis 'Tokyo Bekana', 'Mei Qing Choi', and 'Rosie') grown in a nutrient film technique (NFT) system supplemented with nutrient solution (CNS17), reverse osmosis (RO) water or tap water (Tap) (Expt. 1). 
Discussion
It is obvious from our results that nutrient management, such as time and necessity of replacing the nutrient reservoir based on EC, could be risky when water with high salt levels is used in a nutrient recirculating system. Conventional EC-based nutrient management leads to luxury consumption of water and fertilizers and causes environment pollution [20] . On the other hand, programmed nutrient addition based on pre-established nutrient requirement is more effective and efficient, provided that the growing conditions and tolerance to salinity are similar [20] . The goal of nutrient management in a recirculation system is to minimize the discharge of water and nutrients, while maintaining comparable yield and quality. By feeding tomato plants with a nutrient solution based on "uptake concentration" and transpiration-biomass ratio, a targeted management approach with consideration of plant tissue concentration of N, P, K + , Ca 2+ , Mg 2+ , and Na + , use of brackish water was feasible without impacting yield and quality [21] . However, no such research has been performed with hydroponic lettuce crops.
Among the macronutrients, K + was unquestionably the most rapidly absorbed element in the solution, especially when the plants were large. Bugbee [10] pointed out that N, P, K, and Mn are actively absorbed by roots and can be removed from the solution in a few hours. In both experiments, K + in the solution decreased quickly, followed by N and P at the late stage. When additional NaCl was added to the solution in Expt. 2, which significantly reduced plant growth, K + was more slowly absorbed when compared to the two treatments without NaCl addition. Other macronutrient elements such as Ca 2+ , Mg 2+ , and SO 4 2− were still at sufficiently high levels or even higher at the end of the experiments than initial levels, due to the water source containing those elements. The leaf tissue mineral results (P, K + , Ca 2+ , Mg 2+ in Table 5 ) were in the adequate to high range [22] . The leaf sap results (Table 3) were obtained by measuring the sap using a portable meter instead of digestion of dried ground tissue, thus comparison to the latter standard method is not appropriate. The impact of nutrient solution and water source on plant growth and mineral nutrition varied with type of vegetables. For example, in Expt. 1, plant growth of 'Tokyo Bekana' was reduced when it was supplemented with RO water compared to tap water and nutrient solution. 'Tokyo Bekana' grew more quickly than the pac choi varieties and needed more nutrients to sustain its growth. Nevertheless, there were no statistical differences in Expt. 1 in the tissue mineral nutrition except for NO 3 − , Ca 2+ , and P for leaf lettuce. Therefore, in order to prevent a decrease or deficiency of mineral nutrition, N, P, and especially K should be supplemented every two weeks or less when plants are larger in this system. However, N, P, and K should be kept at low concentrations, such as 0.1 mM or a few milligrams per liter, according to Bugbee [10] , because high concentrations of these elements in solution can result in excessive uptake, leading to nutrient imbalance. It is worth pointing out that the frequency of changing solution also depends on reservoir volume and the biomass of plants, or the ratio of the volume of nutrient solution to biomass. The threshold of EC, Na + , or Cl − of the water source for a recirculating nutrient solution depends on species or variety and length of production period. In Expt. 2, the initial levels of Na + in tap water and tap water plus NaCl treatments were relatively high (155 and 335 mg·L −1 ) and continued increasing over time when supplemented with the same source of water. These values were much higher than the recommended "water quality" standard in The Netherlands [6] . In a non-recirculating soilless culture system, the salinity threshold of the water source could be higher than that for a recirculating system. However, a non-recirculating system would reduce water use efficiency. Hamdy et al. [23] showed a high potential of using saline water (4.0 dS·m −1 ) for production of lettuce and endive crops with use of inert substrates in a non-recirculating system.
Tolerance to NaCl differed among the vegetable species and varieties. Both 'Mei Qing Choi' and 'Tokyo Bekana' pac choi had similar growth and mineral nutrition when RO water or tap water was used for making the solution or supplementing solution. The solution made from tap water had EC levels between 2.4 and 3.2 dS·m −1 and Na + between 155 to 460 mg·L −1 , indicating that these two varieties were relatively tolerant to salinity. 'Tropicana' leaf lettuce was the least tolerant among the four used in this study. Lettuce is generally considered to be salt sensitive. However, differences in salt tolerance does exist among genotypes. Xu and Mou [24] evaluated 178 cultivars and germplasm accessions of lettuce, and found that some lettuce varieties showed salt tolerance with less than 15% growth reduction when grown in a Hoagland nutrient solution with NaCl/CaCl 2 = 30/15 (mM/ mM) (corresponding to an EC of 5.3 dS·m −1 ).
A low to medium salinity of the nutrient solution can enhance produce quality. Kim et al. [25] reported that romaine lettuce that was irrigated with low salt concentration (5 mM NaCl, corresponding to EC at 0.5 dS·m −1 without considering other nutrients) for 15 days increased carotenoid content without causing a decline in yield or visual quality. A study conducted by Sakamoto et al. [26] in a closed plant factory indicated that red leaf lettuce (cv. Mother-red) that was grown in a nutrient solution at high salinity by adding NaCl to EC of 12.6 dS·m −1 contained higher amounts of sugar and anthocyanin, and lettuce grown in nutrient solution with addition of seawater at EC of 10 dS·m −1 accumulated the highest levels of photosynthetic pigments, chlorophylls, and carotenoids. However, the fresh weight of lettuce was greatly reduced. They suggested that adding seawater (20%) to the solution is effective for producing lettuce with higher quality and nutritional value.
In summary, from the daily measurement of the concentrations of macronutrients in the recirculating NFT systems, K + was the most rapidly absorbed element, followed by N and P, while other macronutrients remained at sufficiently high levels at the end of the experiments. Thus, N, P, and especially K, should be supplied at two-week intervals or less in the current NFT system, while the interval of replacing the nutrient tank should be based on the buildup of the concentration of harmful ions like Na + and Cl − . The exact time for supplementing N, P, and K depends on the volume of the reservoir, the amount of biomass in the system, and the tolerance of the crops to salinity. The impact of the water source on plant growth and mineral nutrition varied with species and variety of the vegetables. The results from this study indicated a potential use of marginal and possibly brackish water, of low to moderate salinity, in a recirculating hydroponic system, depending on salt tolerance of the crops.
